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a t  a l l  of t he  var ious  s t a t i o n s  operated by the  F lor ida  

S t a t e  Univers i ty  Radio CJbservatory throughout most of 

t he  per iod of t he  present  r e p o r t .  

observat ions have been made a t  Tallahassee and these  a r e  

Further  p o l a r i z a t i o n  

s t i l l  i n  progress .  

t i o n s  has  been co l l ec t ed  from the  north-south l i n e  o f  f i v e  

A complete s e r i e s  of 18 mc/s observa- 

s t a t i o n s  and ana lys i s  of t he  da t a  i s  i n  progress .  

The study of Solar -Jupi te r  r e l a t i o n s h i p s  has  been 

continued and t h e r e  i s  evidence of a poss ib le  cor re la -  

t i o n  between major J u p i t e r  events  and Solar  PI-region 

storms. 

Fur ther  s t a t i s t i c s  on t h e  1963 po la r i za t ion  obser- 

va t ions  have been compared with the p red ic t ions  o f  t he  

Doppler-Shifted Cyclotron Theory. 

Edi t ing  has begun of  data  taken during the  per iod 

1961 t o  1963, p r i o r  t o  microfilming of records  f o r  the  

NASA Space Science Data Center. 

a c t i v i t y  i s  t o  be prepared a s  a by-product of t h i s  work. 

Future p lans  a r e  out l ined f o r  a spaced-si te  experi-  

A ca ta log  of J u p i t e r  

ment t o  s tudy the  influence of the  Ea r th ' s  ionosphere 

upon t h e  p o l a r i z a t i o n  o f  the J u p i t e r  r a d i a t i o n  a t  18 mc/s. 

A l l  f o u r  po la r i za t ion  parameters a re  t o  be measured dur- 

i n g  the  next  two appari t ions.  

-> 
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k review i s  presented o f  a l l  of  t h e  research  con- 

ducted during t h e  e n t i r e  three year per iod  of t h e  gran t  

and supplement. The work i s  descr ibed i n  context with 
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I. S I X  MONTH PERIC3 AUGUoT 1, 1964- THRCUGH J A N L R Y  31, 1965 

1. Observations 

(i). Tallahassee 

Further observations of polarization have been made 

at 16, 18, 22 and 26 mc/s throughout the entire period of 

the report. These are continuing at the time of writing. 

The observatory was struck by lightning during a 

storm in August, 1964 and this caused damage to some of the 

receivers and associated switching circuitry. I’lost of the 

damage was repaired fairly quickly and observation continued 

with a relatively short break. However, a receiver fault 

which developed subsequently may have originated in lightn- 

ing damage and this further put one channel o u t  of action 

for two weeks. Repairs have been covered by insurance. 

(ii). Overseas Stations. -- 
Coordinated observations have been made at 18 mc/s 

during the period August 1 through December 15, 1964. 

The five stations lie along a rough north-south line and 

their locations are shovm in Figure 1. Complete sets of 

data have been received from all of these stations, and 

a first analysis has just begun. There are several 

remarkable instances where an event is reported by three 

or four stations and identification between these sta- 

tions is in agreement to within a minute or two. 

same time however, the remaining stations report no 

evidence of activity. Some examples of this are shown 

At the 
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in Table 3 .  It is proposed to compare such events with 

magneto-ionospheric characteristics at the time of obser- 

vation. 

Analysis - -  Profframs 2 ,  - 
(i) b - Doppler-Shifted - Cyclotron - Theorx - 
In a previous report (No. 4) the Principal Investi- 

gator presented a comparison of experimental polarization 

data taken in 1963 with some of the predictions of the 

Ellis and NcCulloch Theory (ll), Some further statistics 

have been added to this comparison and these are included 

in the review section of the report (see Figure 7). The 

summed axial ratio has been plotted against the number of 

bursts and the distribution is found to be roughly linear 

but with a fairly wide scatter of points. 

(ii). bolar-Jupiter - Relationships 

k s  described in previous reports a first attempt 

to find a correlation between s o l a r  activity and Jupiter 

activity consisted- of a simple cross-correlation study 

between Jupiter activity (recorded at Tallahassee during 

1961 and 1962 and at thFee separated stations during the 

1963 apparition) and various indicators of solar activity. 

In general agreement with other workers the results were 

inconclusive and it was pointed out in the published account 

(16) of the preliminary study that this was hardly surpris- 

ing due to over-simplification of the problem and certainly 
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d i d  no t  exclude the  p o s s i b i l i t y  of a more complex r e l a t ion - -  

s h i p  between t h e  phenomena. Following a suggestion bT 

Carr e t  a1 ( 2 )  and using Jup i t e r  da t a  obtained a t  Tal lahassee 

i n  1961 and a l s o  published da ta  from l i s t i n g s  by darwick 

and Kreiss  (17)  and by Douglas and Smith (18), Nr. G. M. 

Resch has considered t h e  p o s s i b i l i t y  of s t rong  J u p i t e r  

s torms  being a s soc ia t ed  with s o l z r  TI-region s t o r m s .  

s torms  a re  not a s soc ia t ed  with v i s i b l e  s o l a r  f l a r e s ,  but 

a r e  long l a s t i n g ,  o f t e n  f o r  s eve ra l  r o t a t i o n s ,  and i t  i s  

bel ieved that the  emitted- p a r t i c l e  streams sweep through 

i n t e r p l a n e t a r y  space l i k e  spokes on a wheel. The ana lys i s  

c o n s i s t s  of i d e n t i f y i n g  the Pi-region s t o r m s  and from t h e i r  

speed of r o t a t i o n  and the  anyylar d i s t ance  between the  

Larth and J u p i t e r  p red ic t ing  a time f o r  i n t e r a c t i o n  of  t he  

assoc ia te6  p a r t i c l e  streams iJith t h e  Jovian magnetosphere. 

Using the  f a c i l i t i e s  kindly accorded- t o  us by the  NAJA 

Space - data  Center a t  Gre-nbelt, l’iaryland, P l r n  tLesch has 

made a prel iminary ana lys i s  f o r  1961 and t h i s  i s  sumar- 

i z e d  i n  Table 1. It can be seen t h a t  for the  m a j o r  Jup- 

i t e r  events  considered the  agreement between predic ted  

and observed a c t i v i t y  i s  good. It remains t o  be seen 

whether such good agreement p e r s i s t s  over lon5er per iods 

These 

o f  observat ion,  
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e d i t i n g  and preparing da ta  f o r  microfilming for t h e  NASA 

Space . x i e n c e  data Center. Durinc the  course o f  t h i s  work 

a ca t a log  i s  t o  be prepared o f  all J u p i t e r  s c t i v i t y  

observed a t  F lor ida  S t a t e  University Iladio Observatory 

and i t s  o u t s t a t i o n s  s ince  1961. ii s p e c i a l  computer pro- 

gram has been w r i t t e n  f o r  compiling t h i s  catzlog.  This 

program gives  a pr int-out  of per iods  of  observzt ion and 

a c t i v i t y  i n  Universal  T i m e  and Central  Ueridian l ,ongi tude,  

a l s o  a smoothed histogram of each s e r i e s  of observations.  
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4. Publications AuF;ust 1, 1964 through Js.nuary 1, 1965 

"Recent Radio Observations of  Jupiter", Barrow, C. H. , 
J. Brit. ::st. Assn., (In press). 

7 

"Preliminary Results of Space d-5ite Observations of Jupiter 
in 1963", Barrow, C. H., Resch, G. PI., Hyde, F. ' , d o ?  
Gruber, G. PI., Bosch, M. C. Nature, 204, 637 (1961-C). 
"A Spaced-Site Lxperiment to Learch for Possible Correlations 
between Decameter-Wave Xadiation from Jupiter and IJolar L 

Activity", (abstract) 
Barrow, C. H., Bull. Am. Fhys. Soc., series 11, 10, 249 (1965). 
- 1964 ,!stronomical Yearbook, (Eyre and 3pottswoode, 
London, 19G>-- 
Chapter entitled "The Radio Sun", Eyde, F. 

"Spaced-Site Observations of Jupiter", Hyde, F. d m  
J. Brit. list. ::ssn., (In press). 

Talks given during the period: 

C. H. Barrow ----- 
"A Spaced-;ite .2xperiment to Search f o r  Eossible Correlations 
between Decameter-l,dave Radiation from Jupiter and Solar 
Activity", 
S.E.A.F.S. Meeting, Chattanooga, Tennessee (November 5, 1964) 
F. W. H;yde - --- 
Colloquia and Seminars : - 

:,,ueen Mary College, University of London. 

Oxford University Astronomical Society. 
L 

Radio Society of Great Britain. 

Nr. F. , d .  Hyde attended the 12t-h IliU Meeting in Hamburg as 
an official representative of the British Astronomical 
Association. 

5. Personnel Working --- on the Grant : 

(a) Tallahassee 

C. H. Barrow, assistant Professor and Principal 
Investigator 
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D. Morrow, Graduate a s s i s t a n t  

Y 

G. 15. Resch, Graduate Ass is tan t  

J. H. Cocke, . - lec t ronics  Technician 

G.  R. iLdcock, Undergrad-uate Ass i s t an t  

K. Pea le ,  Undergraduate Ass is tan t  

J. Merr i t ,  Underpaduate Ass is tan t  

*R. Bukovitz, Undergraduate Ass is tan t  

I!T. Hazelwood, Undergraduate Ass i s t an t  

*Terminated during the  period. 

(b)  S t .  Osyth 

F. Q .  Hyde, Radio Engineer and D i r e c t o r  of 6 t .  Osyth 
s t a t i o n  (Lelf sup9orted).  

D. Crosswell, Part-time ,Secretary 

Personnel i issociated with t h e  Protject  : 

(a)  Grahamstown, douth i i f r i ca  

L. E. Baar t ,  k c t u r e r  i n  Physics and Director of 
Zadio Astronomy 

M. C .  Bosch, Graduate Ass is tan t  

G.  M. Gruber, Graduate Ass is tan t  

(b)  Local supervisors  for t h e  1964 spaced-site 
observations.  

R.  'l,d. Piorriss,  Lecturer i n  Physics ,  Universi ty  
of Ibadan 

J .  Catala ,  Professor of Physics,  Universi ty  o f  
Valencia 

H. Torgerson, Engineer, Technical Universi ty  Of 
Trondheim 

Groups of f rom 3 t o  5 undergraduate a s s i s t a n t s w e r e  
employed on t h e  Grant a t  , a t .  Csyth, Ibadan, Valencia,  
a n d  Trondheim during the  period August 1 through 
beccmber 15 ,  1964. 
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I1 . -N'<I-tI!J 

31, 1965 

1. Review of Sesearch 

( i ) .  Introduct ion 

-------- 

Radio s t u d i e s  of Ju,>iter have been i n  progress  a t  

F lo r ida  S t a t e  Universi ty  s ince 1960. The P i r c t  year  of 

t h i s  work was financed by the Universi ty  desearch Council, 

but  from February 1, 1962, through January 31, 1965, t h e  

raclio astronomy proLram ha:; been s-onsored by the  ?!at ional  

Aeronautics and 5 p c e  d m i n i s t r a t i o n  (Grant ucG-224-61 and 

Supplement ) . 

_ -  

During t h e  l a s t  two years  t he  proLrr<m has  gro1In con- 

s ide rab ly  and e f f o r t  has been concentrated on t h r e e  r e l a t e d  

a spec t s ,  Fo la r i za t ion  s tud ie s  a n d  s13aced-site experiments 

t o  study t h e  inf luence o f  the  3m an? of t h e  L a r t h ' s  iono- 

sphere on the  decemeter-wave r a d i a t i  on from J u p i t e r .  

I n  the  f olloving sec t ions  t h e  work condu.cted during 

t h e  pas t  t h ree  years  i s  reviewed i n  the  context o f  r e l a t e d  

observat ions by o ther  1 o r l r e r s .  

( i i )  . Pola r i za t ion  

The p o l a r i z a t i o n  of the decameter-trave r a d i a t i o n  from 

J u p i t e r  was f i rs t  s tudied  by  Frankl in  and Surlte (l), and 

by Carr e t  a l .  ( 2 ) .  

m o s t  o f  t h e  noise  b u r s t s  were right-hand-ed e l l i p t i c a l l y  

po la r i zed  (2.13. ) i n  t h e  ra3io convention of  looking along 

t h e  d i r e c t i o n  of proyagation. 

30th groups found t h a t  a t  22 mc/s 

-% s ing le  observation by 
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Gardner and Shain (3) showed a s i m i 1 . w  rerJult a t  19.6 mc/s. 

As R.H. p o l a r i z a t i o n  had been observed. a t  s t a t i o n s  i n  both 

the  nor thern  and southern hemispheres i t  was concluded t h c t  

t h i s  p o l a r i z a t i o n  ims due t o  condi t ions  on J u p i t e r  and was 

not  an e f f e c t  o f  the  t e r r e s t r i a l  ionosphere. Juring tlie 

1961 appa r i t i on ,  however, a few observat ions by Barrow (4), 

a t  18.3 and 24 mc/s, sug:ested t h c t  a smaller  Ixxport ion 

of  R.H. b u r s t s  were t o  be found a t  18.3 mc/s than a t  24 cc /s .  

The following year s eve ra l  observers found v a r i a t i o n s  i n  

the  p o l a r i z a t i o n  a t  lower f requencies .  4-ccording t o  Carr 

(5)  a number of b u r s t s  recorded a t  16 mc/s showed Lo13* 

p o l a r i z a t i o n  whereas a t  22 mc/s t he  b u r s t s  were a l m o s t  

exc lus ive ly  R.B. Barrow (6) a l s o  observed L.E-I. po la r ized  

b u r s t s  a t  16 mc/s. Dowden ( 7 ) ,  working a t  10.1 mc/s found 

t h a t  no-t only were sone of the  b u r s t s  L.H. bu t  also, %hat  

tlie v a r i a t i o n s  i n  po la r i za t ion  mode appeared t o  be corre-  

l a t e d  with t h e  Ju-oiter 3yrstem I11 c e n t r a l  meridian long-  

i t u d e ,  L h e r r i l l  and C a s t l e s  (8), u-sing a c,ysteln -Jhich 

could be tuned manually t o  successive d i f f e r e n t  f requencies  

i n  the  range 15 t o  24 mc/s, observed varying proport ions 

o f  L e H e  b u r s t s  a t  f requencies  belou 22 I ~ I C / S .  

During the  1963 appar i t ion  a s e r i e s  of  observat ions 

were conducted a t  F lo r ida  5 t a t e  Universi ty  a t  16, 18, 22, 

and 26 mc,’s using t h e  switching system shown schematical ly  

i n  Figure 2,  From these  observations (Barrow ( 9 ) )  appeared 

t h e  important r e s u l t  t h 3 t  most  of %he rad ia t io i l  a t  22 and 
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26 mc/s was 2.3. polar ized whereas a t  16 and 18 mc/s an 

appreciable  proport ion of  b u r s t s  were L.13. I n  p a r t i c u l a r ,  

of  a l l  the  b u r s t s  observed when 300" ( ~ h I I I ~ 3 6 O 0  (AIII  i s  

the  c e n t r a l  meridian longitude of t he  p l ane t  corressonding 

t o  t he  I o A e U e  recommended rad-io r o t a t i o n  per iod for J u p i t e r )  

as many a s  41% and 30% were found t o  be ,  r e s p e c t i v e l y ,  L,H. 

a t  16 and 18 mc/s. The general  c h a r a c t e r i s t i c s  a r e  sumnar- 

i zed  i n  Table 2,  From these  r e s u l t s  and from those of 

S h e r r i l l  and Cas t les  (8) and of Dovrden (7)  i t  app2ars -I;hzt 

t h e  amount of L,H. p o l a r i z a t i o n  observed inc reases  towards 

the  lower f requencies .  Agreement i s  good as f a r  as 'chis 

aspec t  of t he  observat ions i s  concerned.. There i s  l e s s  

agreement concerning t h e  poss ib i l  i t y  of a r e l a t i o n s h i p  between 

the  sense of p o l a r i z a t i o n  and c e n t r a l  meridian longi tude  

of J u p i t e r  e Both Dowdeii and Barro1,T found some evidence 

of a r e l a t i o n s h i p  a t  t h e i r  r e spec t ive  working f requencies ,  

S h e r r i l l  (lo), however, does not  f i n d  any c l e a r  re la t j -on  

i n  his 1-963 data although his 1962 da ta  showed s l i g h t  i n -  

d i c a t i o n s  OP a c o r r e l a t i o n .  Unambiguous comparison i s  no-;; 

easy,  however, because of the d i f f e r e n t  techniques and 

d i f f e r e n t  f requencies  involved-. If a permanent rela-:: 3n- 

sh ip  were t o  be su?ported- by the  s t a t i s t i c s  o f  s eve ra l  years  

t h i s  uould oiTfer another approach t o  t he  i n  )orl;an'r; problem 

o f  deducing the  form of J u p i t e r ' s  magnetic f ie ld- .  

(IO), attenpteci t o  measure tke degree o f  p o l a r i z a t i o n  clur- 

i n g  1963 and found evidence of a number o f  l i n e a r l y  polar-  

Aher r i l l  
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ized bursts on several occasions. A l l  other published 

observations have been confined to co-Nnpariaon of R.H. and 

L.H. components.* 

By this latter technique, Carrow (4), (9), a l s o  found 

evidence of random-linear bursts, notably at 18 nc/s, corres- 

ponding to those identified by Sherrill. 

did not permit a distinction to be made between random and 

The system used 

linezr polarization however. 

Further observations have been made during the 1964 

apparition and these are still in progress. 

has been made recently to attempt to measure the degree 

of polarization at 18 mc/s by comparing the elliptical 

component Tojith the total intensity; a really satisfactory 

event f o r  analysis has yet to be recorded, however. 

iin improvisation 

(iii). Comparison of Folarization Observations with 

the Predictions-of - the Iloppler-Shifted C‘mlotron Theorx 

1, theory has been proposed by Gllis and FlcCulloch (11) 

in which the decainetric radiation from JulTiter is attributed 

to cyclotron radiation emitted by bunches of electrons 

accelerated as a result of disturbances occurring near 

the boundary of a postulated Jovian exosphere. The elec- 

trons travel in helical paths along high latitude magnetic 

field lines and in so doing they emit 

these frequencies and complicates the measurements. 
effect is greater when Jui2iter is seen at low elevation 
angles. 
moved to a northerly declination. 

electromagnetic 

*Faraday rotation in the Larth’s ionosphere is large at 
- ----- 

The 

This has been t h e  case until recently when Jupiter 
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r a d i a t i o n .  The general  p i c tu re  corres2onds 1.1ith what i s  

known of t e r r e s t r i a l  VLF emission but  with the  condi t ion  

t h a t  only e l e c t r o n s  with v e l o c i t y  components s u f f i c i e n t l y  

g r e a t  t o  produce a Doppler s h i f t  o f  forward emitted r a d i a t i o n  

t o  a value g r e a t e r  then the extraordinary-wave c r i t i c a l  

frequency can escape, e i t h e r  d i r e c t l y  (outward t r a v e l l i n g  

bunches) or a f t e r  r e f l e c t i o n  ( inward t r a v e l l i n g  bunches) . 
Using 1963 d a t a ,  a x i a l  r a t i o s  have been computed f o r  

each b u r s t ,  assuning complete p o l a r i z a t i o n ,  and an a n a l y s i s ,  

similar t o  t h z t  made for 10.1 mc/s observ?t ions by Uowden 

( 7 ) ,  has been made, s o  t h a t  t h e  r e s u l t s  may be compared 

with the  L l l i s  and TlcCulloch theory.  T h i s  i s  i l l u s t r a t e d  

i n  Figures  3-7. The two lower f requencies  a r e  of g r e a t e s t  

i n t e r e s t  as i t  i s  a t  16 and. 18 nc/s t h a t  appreciable  pro- 

po r t ions  o f  L.H. po lar ized  b u r s t s  have been observed. Also, 

t h e r e  a r e  more b u r s t s  ava i l ab le  f o r  a n a l y s i s  ( s ee  Table 2 )  

a t  these  frequencies .  The 22 and 26 mc/s computations have 

been made f o r  t he  sake o f  completeness but they do not  con- 

t r i b u t e  anything very conclusive to t he  d iscuss ion  and a r e  

no t  included i n  t h e  Figures 3,5 and 6. 

I n  Figure 3 the  d i s t r i b u t i o n s  of a x i a l  r a t i o s  a r e  

compared with the  observations of 3owden (7) .  The 18 mc/s 

r e s u l t s ,  i n  p a r t i c u l a r ,  are i n  good agreement with the  

d i s t r i b u t i o n  predic ted  by the L l l i s  and YlcCulloch theory 

(shown i n  3 igure  4) and the  16 mc/s r e s u l t s  a r e  reconci l -  

a b l e  i f  we accept Dowden's suggest ion t h a t  the  lower a x i a l  



I’ 

-16- 

ratios are produced by su~erim~~osed bursts of higher axial 

ratio but opyosite sense. It is the shape of the distribu- 

tion which is significant. The position on the axial ratio 

scale depends upon the assumed- model of Ju-:iter rather than 

on the theory. 

In Figure 5 the smoothed occurrence rates of L.H. and 

R.H. bcrsts are compared. In Figure 6 the smoothed long- 

itude variation of burst occurrence is shown. According 

to Dowden’s results this latter may also be regarded as 

an indication of the distribution of total power radiated. 

In Zigure 7 the summed axial ratio is plotted against the 
number of bursts and compared to an arbitrary straight line 

of slope 1.05 (predicted for the atmospheric model assumed- 

by Lllis and McCulloch). The distribution of the points 

is fouild to be roughly linear but iJrith a fairly wide scatter. 

The d l i s  and TlcCulloch theory seeks to explain the 

experimentally observed longitude profiles of occurrence 

probability and power distribution. i~ suitable choice of 

magnetic field siiomaly, expressed as a dip anomaly, read- 

ily 3roduces the differing profiles observed- at 5 and 
10 mc/s compared to those found at higher frequencies. 

Thus histograms of the type shown in Figure 8 as well as 

the burst distribution (Figure 6) are, by definition, con- 

sistent T-iith the theory. The axial ratio distributions 

shown in Figure 3, particularly at 18 mc/s, are in good 
agreement with the predictions of the theory and are at 
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presen t  the  most  s i g n i f i c a n t  experimental evidence i n  i t s  

f avor  . 
I n  view of t h e  a l ready  e s t ab l i shed  r e s u l t s  explained 

by the  theory as well a s  the  polar imeter  d a t a ,  i t  i s  f e l t  

that t h i s  theory may of.Yer the most  s a t i s f a c t o r y  explana- 

t i o n  of t h e  o r i g i n  and escape o f  the  decametric r a d i a t i o n  

t o  da te .  It; i s  perhaps s i g n i f i c a n t  t h a t ,  unl ike most  theo- 

r i e s  t h a t  have been proposed, the  Doppler-shifted cyclotron 

theory seeks t o  explain the  r a d i a t i o n  i n  terms of charact-er- 

i s t i c s  which a r e  known t o  occur on a d i f f e r e n t  s c a l e  ifrith- 

i n  t h e  atmosphere o f  t he  Earth. It w i l l  be i n t e r e s t i n g  to 

see i f  t he  s a t e l l i t e s  proposed. f o r  studying VL3' emission 

from t h e  hart11 f i n d  evidence of any 1ongitud.e p r o f i l e  of 

r a d i a t e d  power due t o  tlie Gar th ' s  magnetic f i e l d . "  How- 

eve r ,  t he  recent  work of Bigg (12), r:ho f i n d s  good evidence 

of a c o r r e l a t i o n  between the motion o f  -the J u p i t e r  s a t e l -  

l i t e  I o  and perj-ods of J u p i t e r  a c t i v i t y ,  may, i f  confirmed, 

n c c c s s i t a t e  a d r a s t i c  rev is ion  of some contemporary icieas 

on t h e  o r i g i n  of the  r ad ia t ion .  

t h e  J u p i t e r  da ta  taken a t  P lor ida  S t a t e  Universi ty  for 

evidence o f  the  I o  co r re l a t ion .  

It i ;  proposed. t o  examine 

Eor,sible Influence of t h e  .3un on te_e J u p i t e r  .. - .I_______ I__- -----I 
( i v ) ,  

2adia  t i on _I-. ---̂ _I.- 

__l______ll__~---~-I___--.~------- 

*Information on t h i s  po in t  i s  not  y e t  a v a i l a b l e ,  The 
P r i n c i p a l  I n v e s t i c a t o r  has been i n  communication with 
r r o f  essor 2, I : .  I le l l ia l re l l ,  Stanford Univers i ty ,  concern- 
i n g  t h i s  p o s s i b i l i t y .  

T T  
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It has been sug;C;ested by seve ra l  i n v e s t i g a t o r s  t h a t  

the  r a d i a t i o n  from J u p i t e r  i s  ii1 some iiianner r e l a t e d  t o  

solar a c t i v i t y ,  i n  t h a t  per iods o f  J u p i t e r  a c t i v i t y f k e -  

quent ly  f o l l o v  per iods of s o l a r  a c t i v i t y  rsithin a felJ1 days. * 

This e f f e c t  was f i r s t  reported by ;Jarwick ( 1 3 )  and has  

a l s o  been observed by Carr e t  al. (2), by Douglas (14>, 

and by Barrow ('C). There i s ,  however, no general  agree- 

ment as t o  an average delay time between per iods of s o l a r  

a c t i v i t y  and. poss ib le  r e l a t e d  per iods  of J u p i t e r  a c t i v i t y ,  

es t imates  of  f r o m  two t o  t en  days having been proposed 

by the  var ious inves t iga to r s .  

Roberts (l?), using data obtained i n  1960 by Carr 

e t  a l .  (2), computed the  c o r r e l a t i o n  c o e f f i c i e n t  between 

J u p i t e r  activityG% the ge3magneti_c a c t i v i t y  index A . A 

peak corresponding t o  a delay of e igh t  days was ind ica t ed  

but  a t  t he  same time another 13ealr of  conparable s ign i f i cance  

P 

i nd ica t ed  a negat ive delay of e igh t  days, t h a t  i s ,  for geo- 

magnetic a c t i v i t y  a f t e r  J u p i t e r  a c t i v i t y .  Xoberts mentions 

s i m i l a r l y  inconclusive unpublished r e s u l t s  obtained by 

Rigzins and concludes t h a t  all t he  apparent c o r r e l a t i o n s  

observed s o  f a r  may be merely s t a t i s t i c a l  f l u c t u a t i o n s .  

I f  the  phenomena a r e  i n  f a c t  r e l a t e d ,  t he re  a r e  two 

poss ib l e  explanat ions of these dif i 'erent  r e s u l t s .  L i t h e r  

t h e  s t a t i s t i c s  a r e  ~ m s o u n d  due t o  t h e  f a c t  tlic7t i n s u P f i c i e n t  

claimed by some inves t iga to r s .  This cannot be unambiguously 
e s t ab l i shed  however, as the r evo lu t ion  i>eriod of J u p i t e r  
(11.9 yea r s )  i s  almost i n  phase with the  sunspot cyc le ,  

--- --__-______--- --- 
*fa inve r se  c o r r e l a t i o n  with the  sunspot cycle has also been 
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J u p i t e r  observing time was ava i lab le  d a i l y  for comparison 

with solar a c t i v i t y ,  or e l s e  t h e  r e l a t i o n s h i p  between t h e  

two phenomena i s  t o o  complex t o  be expressed. by a simple 

cause 2nd. ef-fect  exp lma t ion .  A p r e l i n i n a r y  inves t iga -  

t i o n  of the  former p o s s i b i l i t y  vas conducted d-urinss 1963 

by F lo r ida  S t a t e  Univers i ty  2adio Gbservatory i n  col labora-  

t i o n  v i t h  observa tor ies  i n  5ngland and. i n  South Afr ica ,  

(Barrow e t  a1 (16)). 

The experiment was s inply  t o  record the  r a d i a t i o n  from 

J u F i t e r  for as long  a s  pos.:ible ezch day and t o  compare 

t h e  per iods of J u p i t e r  a c t i v i t y  with per iods  of so la r  ac t -  

i v i t y  as ind ica t ed  by f l a r e s ,  10 em, s o l 8 . r  raG.iation, sun- 

spots, and geomagnetic a c t i v i t y .  The sun can be observed 

from somewhere on the  Earth a lmos t  24 hours d-zily whereas 

most  J u p i t e r  observers  a r e  l imi t ed  t o  some fou r  t o  e igh t  

hours according t o  t h e i r  antenna systems. The d a i l y  per iod 

of observat ion of J u p i t e r  i,:as, t h e r e f o r e ,  increased t o  some 

ex ten t  by combining observations made a t  two add i t iona l  

s i t e s ;  a t  &t,. Osyth, Lngland, and a-L Rhodes Univers i ty ,  

Graharnstown, South Afr ica ,  iwi-Lli da t a  taken a t  'Tallahassee . 
The combined obsarvat ions from t he  t h r e e  s t a t i o n s  operat-  

i n g  i n  tanden amounted t o  some 16 hours continuous moni- 

t o r i n g  each n i g h t ,  a period corresponding t o  about 11/2 

r o t a t i o n s  of J u p i t e r  

It i s  emphasized here ,  as i n  the r e l a t i v e  Supplemental 

p roposa l ,  t h a t  t h i s  experiment vas e s sen t i a l - ly  a u t i l i z a -  
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t i o n  of e x i s t i n g  f a c i l i t i e s  a t  e s t ab l i shed  observa tor ies .  

The l o c a t i o n s  oE the  p a r t i c i c a t i n g  s t a t i o n s  were sat is-  

f a c t o r y  but  not  i d e a l .  I t  ;:as suggested. t h a t  t he  p r o j e c t  

might be regarded a s  an inexpensive p i l o t  experiment t o  

see b:hether or not a more e laborate  network of s i t e s  might 

beawccrtht;hile p r o j e c t  for the f u t u r e  a s  a aeans of moni- 

t o r i n g  J u p i t e r  24 hours d a i l y ,  Analysis of the  da t a  from 

these  observat ions i s  s t i l l  i n  progress but t h e  fol lowing 

can be s t a t e d  a t  t he  present  time. i? f i r s t  examination 

(Barrow e t  a l .  (16)) was made by computing c o r r e l a t i o n  

c o e f f i c i e n t s  between J u p i t e r  a c t i v i t y  and severa l  ind ica-  

tors of  s o l a r  a c t i v i t y .  i\To c o r r e l a t i o n  appea.red. which 

could not  equal ly  well be regarded a s  s t a t i s t i c a l  f l u c t u -  

a t i o n ,  Thus i t  appears s o  f a r ,  t h a t  increased d a i l y  obser- 

v a t i o n  of Ju i i i t e r  does n o t ,  by i t s e l f ,  produce any s ign i -  

f i c a n t  improvement i n  a search f o r  sii.;:?le c ros s -co r re l a t ion ,  

This r e s u - l t  does n o t ,  however, ~cxclude the  p o s s i b i l i t y  of 

any r e l a t i o n s h i p  at all between J u p i t e r  a c t i v i t y  and- s o l a r  

a c t i v i t y  as t h e r e  a r e  var ious f a c t o r s  which might obscure 

a simple c o r r e l a t i o n  study. F o r  example, i f  J u p i t e r  ac t -  

i v i t y  i s  i n i - t i a t e d  i n  any nanner by s o l a r  corpuscles ,  as 

Carr e t  a l ,  ( 2 )  have suggested, both the  magnitude and the  

d i r e c t i o n  of t h e  v e l o c i t y  o f  the  corpuscles  would have 2 

bear ing  on the  s i t u a t i o n .  

e n t  v e l o c i t i e s  on d i f f e r e n t  days would give r i s e  t o  d i f -  

f e r e n t  delay t imes and a d i r e c t  search f o r  cross-correla-  

- i - a r t i c l e s  t r a v e l l i n g  with d- i f fer-  
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t i o n  7,iould be use l e s s .  

A d e t a i l e d  study of t h p  d a t a  i s  now being made by 

Nr. G. PI. desch t o  em-line the  second L3ossibility (above) 

f u r t h e r .  Using a combination of da t a  obtained a t  'i'alla- 

liassee with t h a t  published by 

by Douglas and Smith (18) fo r  1961, following a suggestion 

by Carr e t  a l .  (2), 2esch f inds  evidence of an a s soc ia t ion  

of s t rong  J u p i t e r  s t o r m s  with s o l a r  PI-region s torms.  

r e s u l t s  t o  da t e  a r e  suimarized. i n  Table 1. 

arriick and! Kreiss  (17) and 

The 

(v) .  Inf luence of the  E a r t h ' s  Ionosphere on the  -- I_--___--- 

-- Zadiat  i on  

Evidence cont inues t o  appear of t e r r e s t r i a l  ionospheric 

e f f e c t t  i n  t h e  J u p i t e r  r ad ia t ion .  dmith, 11. G. e t  a l a  (19) 

compared high-speed recordings taken simultaneously i n  

F lo r ida  and i n  Chile (7,000 km b a s e l i n e )  and found t h a t  i n  

some cases  t h e r e  was good. burs t - for-burst  c o r r e l a t i o n ,  i n  

some cases  t h e r e  wa,s no co r re ln t ion  and i n  some cases t h e r e  

was bur s t  c o r r e l a t i o n  with a phase d i f f e rence  of about 10 

seconds, 

v i c i n i t y  of Yale Universi ty ,  Douglas and Smith (20)  found 

considerable  c o r r e l a t i o n  betsreen very high speed record- 

i n z s  taken frcim four  s i t e s .  

c a t i n g  an i n t r i n s i c  f i n e  s t r u c t u r e  t o  t he  r a d i a t i o n  inde- 

pendent of any efTect i,?ihich the  Lartli '  s ionsophere might 

impose. Piore r ecen t ly ,  Douglas ( 2 1 )  has i d e n t i f i e d  and 

c l a s s i f i e d  four  d i f f e r e n t  types 01 J u p i t e r  b u r s t ,  essen- 

Using shor t e r  base l ines  (15 t o  100 km), i n  t h e  

They i n t e r p r e t e d  t h i s  a s  i n d i -  
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t i a l l y  on t h e i r  time durat ions.  Very shor t  term charac te r -  

i s t i c s  a r e  regarded as pr imar i ly  o f  t e r r e s t r i a l  o r i g i n  and 

longer  b u r s t s  a r e  regarded as t r u l y  Jovinn i n  o r ig in .  

An i n t e r e s t i n g  f e a t u r e  of the  1963 g l o r i d a  S t a t e  Uni- 

v e r s i t y  spaced-site observations i s  the  pronounced d i f f e r -  

ence i n  J u p i t e r  a c t i v i t y  recorded- a t  each s i t e .  The day- 

by-day frequency of occurrence was found t o  be consider- 

ab ly  higher  a t  Tallahassee than a t  S t .  Osytli and  consider- 

ab le  higher  a t  Grahamstoim than a t  Tallahassee.  ,3uch 

d i f f e rences  have a l s o  been reL3orted by Carr (22 )  f o r  obser- 

v a t i o n s  made a t  Gainesvil-le, Clor ida ;  a t  Santiago, Chile ; 

and a t  Sydney, Aus t ra l ia .  

During 1964, coordinated- observat ions were made a t  

18 mc/s from f i v e  s t a t i o n s  along a rough north-south l i n e  

f o r  a per iod of 4% months. The l o c a t i o n s  of the  s t F t i o n s  

a r e  shown i n  3'igure 1. li comparison of t he  data  taken simu.1- 

taneously a t  each s t a t i o n  i s  now i n  progress.  

number of occasions where an event i s  repor ted  by t h r e e  

o r  fou r  s t a t i o n s  and ident i f icaLion  between the  s t a t i o n s  

i s  i n  agreement t o  within a few minutes. 

t h e r e  may be one intermediate  s t a t i o n  t h a t  f i n d s  no evi-  

dence of any a c t i v i t y  even when it has been i d e n t i f i e d  by 

groups as f a r  apa r t  as Trondheim, IJorrday and Grahamstown, 

South Africa.  Sone examples a r e  shown i n  Table 3. It 

can be seen t h s t  on October 5 all s t a t i o n s  reported Jup- 

i t e r  a c t i v i t y  whereas on Cctober 24 the  f i r s t  event was 

There a re  a 

lit the  same time 
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r epor t ed  by th ree  s t a t i o n s  and- t h e  second by fou r  s t a t i o n s .  

No evidence of a c t i v i t y  vas found a t  Ibzdan. S imi l a r ly  on 

August 24 two events  irere reported b j T  t h r ee  of t he  fou r  

s t a t i o n s  observing while no evidence of a c t i v i t y  '.?as found 

a t  bt.  Osyth. 3ven allowing €or a c e r t a i n  amount of sub- 

j e c t i v i t y  i n  t h e  au ra l  monitoring i d e n t i f i c a t i o n  procedure 

occurrences such as these  can hard ly  be co inc identa l .  

Careful examination i s  t o  be given t o  t h i s  da t a  i n  t h e  l i g h t  

of repor ted  ionospheric condi t ions a t  the  t imes o f  obser- 

va t ion .  

Very r e c e n t l y ,  Jarwick and UulB (23) hzve presented 

evidence of Faraday r o t a t i o n  of t he  J u p i t e r  r a d i a t i o n  i n  

the  E a r t h ' s  ionosphere. They sug-ested t h a t  the  J u p i t e r  

r a d i a t i o n  may be rotated- i n  t he  2 a r t h ' s  ionosphere but  not  

i n  t h e  ionosphere of Jup i t e r  i f  it i s  genera-ted i n  a s i n g l e  

magnetoionic mode as some cur ren t  t h e o r i e s  suggest (harwick 

(24)).  Thus, when su i t ab le  measurements a r e  a v a i l a b l e ,  it 

may be poss ib le  t o  ex t rapola te  e l l i p s e  o r i e n t a t i o n s  observed 

on the  Earth back t o  J u p i t e r ,  provided. t h a t  t he  l a r g e  amount 

of Faraday r o t a t i o n  occurring a t  decameter-wave f requencies  

can be maasured o r  cal.culated t o  a s u f f i c i e n t  degree o f  

accuracy. 

2. Future Flans - 
Continued support has been granted for an experiment 

t o  s tudy the  p o l a r i z a t i o n  of r a d i a t i o n  f rom J u p i t e r  i n  
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more d e t a i l  and. with g r e a t e r  i x e c i s i o n  than i n  the  pas t .  

A l l  f o u r  p o l a r i z a t i o n  garameters a r e  t o  be measured. a t  

18 mc/s and by using three  seLmrated, crossed arrays t he  

e f f e c t  of the  E a r t h ' s  ionosphere on t h e  noise  b u r s t s  w i l l  

be s tud ied  i n  d e t a i l .  The next t v o  years  are p a r t i c u l a r l y  

favorable  f o r  t h i s  study as Juj2iter w i l l  appear a t  Talla- 

hassee c lose  t o  t he  zen i th  a t  meridian t r a n s i t .  I d e n t i f i -  

c a t i o n  i s  t o  be made more conclu.sive than before  as i n  

add i t ion  t o  monitoring t h i s  w i l l  be bzsed on a comparison 

of records taken a t  each separa te  antenna a s  well ason  a 

phase-switched in t e r f e romet r i c  arrangement between one 

a r r a y  and a subs id ia ry  antenna. I n  adr ' i t ion  L.H. and 3.11. 

components w i l l  be compared a t  some lower frequency c lose  

t o  12.5 mc/s. Faraday r o t a t i o n  d i spe r ses  the  p o l a r i z a t i o n  

e l l i p s e s  within the  bandwidth of  t he  r ece ive r  2.ncl makes 

t h e  measurement o f  t he  o t h e r  p o l a r i z a t i o n  parameters unre- 

l i a b l e  a t  such a l o v  frequency. 

Using the  north-south l i n e  of overseas s t a t i o n s  another 

s e r i e s  of coordinated observations w i l l  be taken a t  18 mc/s 

with the  a d d i t i o n a l  refinement of a high speed recorder  

a t  each s t a t i o n .  T h i s  w i l l  enable the  s t r u c t u r e  of i nd i -  

v idua l  b u r s t s  t o  be cozlpared f r o m  one s i t e  t o  another.  

Cnly lack  of  funds prevented the  i n s t a l l a t i o n  of  t h i s  

equipment during the  previous year.  

Thus two of the  main i n t e r e s t s  of previous years  w i l l  

be brought toge ther  i n  the  f u t u r e  and the  inf luence  of t h e  
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Xarth ' s  ionosphere,  not  only on the  general  r a d i a t i o n  from 

J u p i t e r  but a l s o  on the  f o r m  o f  the  p o l a r i z a t i o n  vi11 be 

s tudied .  Noise b u r s t s  1i,rhich slio1w t h e  same p o l a r i z a t i o n  

c h a r a c t e r i s t i c s  a t  each o f  the  separated- s i t e s  can thus  

be regarded as owing their- c h a r a c t e r i s t i c s  e n t i r e l y  t o  

condi t ions  on J u p i t e r  r a t h e r  -than condi t ions on the  Carth. 

Two of t h e  s i t e s  a r e  t o  be located i n  Tallahassee separated 

by a sho r t  base l i n e  o f  a few miles.  

s u f f i c i e n t  t o  revea l  d i f fe rences  due t o  ionospheric d r i f t s  

and i r r e g u l a r i t i e s  which t r a v e l  r e l a t i v e l y  slowly with 

v e l o c i t i e s  cf the  order o f  100 m/s. 'Ilie third.  polar imeter  

w i l l  be loca ted  a t  t h e  Universi ty  o f  t he  West Ind-ies a t  

Jamaica, some 1,100 miles south ol" Talla.hassee (Figure 9).  

Large s c a l e  d i f f e rences  i n  ionospheric e f f e c t s  on t h e  rad-ia- 

t i o n  should thus be detected by coixparison of observat ions 

made a t  t h i s  s t a t i o n  with the observations taken a t  Talla- 

hassee.  Three Cohen-type polar imeters  ( 2 5 )  (see Eigure 10) 

a r e  being manufactured by Aero-Space ilesearch Inc.  for t h i s  

p r o j e c t .  

ment a t  26, 22, 18 and 16 mc/s. 

This separa t ion  i s  

Observations w i l l  continue with e x i s t i n g  equip- 

The f u t u r e  research  program w i l l  at-Lempt t o  introduce 

a higher  degree of prec is ion  i n  the  observat ional  procedures 

and t o  answer solme of t h e  quzstions raised.  by t h e  previous 

work. Due considerat ion has been given t o  recent  develop- 

ments byother \-.rorkers i n  the f i e l d  an?. t he  emphasis i s  t o  

be placed upon aspec ts  which ar:< r ece iv ing  t h e  l e a s t  a t t en -  
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t i o n  elseaahere. The m?<in objec t ives  may be summarized- as  

f O l l O F I S  : 

1. To i n v e s t i g a t e  f u r t h e r  t he  p o l a r i z a t i o n  of t he  

r a d i a t i o n  a t  f requencies  beloai 20 mc/s and t o  measure all 

fou r  po la r i za t ion  parameters a t  18 mc/s. 

2. To see i f  a pernanent r e l a t i o n s h i p  e x i s t s  between 

the  sense o f  po la r i za t ion  and the  .dystem I11 c e n t r a l  merid- 

i a n  longi tude of  Jup i t e r .  

3. To study t h e  e f f e c t  of t h e  L a r t h ’ s  ionosphere on 

t h e  r a d i a t i o n  and the  po la r i za t ion  by the  following obser- 

va t ions  mad-e simultaneously from Teparated s i t e s . *  

( a ) .  Comparison of day-by-day frequency o f  occurrence. 

(b) . Comparison of burs t  s t r u c t u r e s  observed with 

accu ra t e ly  timed high-speed record-ers. 

(c). Comparison of r ad ia t ion  i n t e n s i t y .  

( d ) .  Comparison of po la r i za t ion  records.  

4. Further  t o  compare t h e  13olarization r e s u l t s  with 

the  p red ic t ions  of theory,  notably the  Do y l e r - S h i f t e d  

Cyclotron Theory of L l l i s  ani! PlcCulloch (ll), but with due 

regard t o  t he  worl of  Eigg (12)  concerning the  poss ib le  

inf luence  of the Jovian s a t e l l i t e  I o .  

5. I n t e r e s t  i n  the 1-oss ib i l i ty  of solar c o r r e l a t i o n  

e f f e c t s  w i l l  continue,  bu l  l a r g e l y  on an ma ly t i cc? l  b a s i s .  

- -- --- 
*It i s  emphasized t h a t  t he  purpose i s  t o  study the e f f e c t  

o f  t h e  ionosphere on the  Jup i t e r  r a d i a t i o n  r a t h e r  than  t h e  
ionosphere i t s e l f .  ‘This l a t t e r  can obviously be s t u d - i d  
more e f f e c t i v e l y  by o ther  methods. 
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The radio astronomy group at NX38, Greenbelt, are now 

coordinating a daily 24 hour watch on Jupiter by use of 

the "ini t rack systems around the world.  

of this aspect o f  the experiment21 propam by Flo r ida  %ate 

University would appear t o  be superfluous. 

An extension 

I '  
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Identification - Frocedurx 

Identification procedures vary considerably from 

one group to another and so, it appears, do some of the 

avera%e cccurrence probabilities claimed. 

the antenna system used must heve some bearing on this 

and also the location of some sites may be more favorable 

than others. Identification procedures at present in use 

by the various workers in the field include aural moni- 

toring with broad beam antennas, identification from inter- 

ferometer records which may have been partially monitored 

or completely unmonitored, and comparison of records 

taken at separated sites. 

'The Cain of 

The following procedure has been used by the various 

stations operated by Florida State University. 

all of the observations were made at night when 

interference is a' a minimum. Every period of observa- 

tion was monitored by an observer and identification was 

by the aural monitoring technique. 

radiation from Jyiter the sipal had to satisfy the follow- 

ing common-sense criteria: 

To be regarded as 

1. Juqiter must be within the reception beam of the 

antenna . 
2. The general recorder must show a deflection clearly 

visible above the background noise. 

3. The signal must have the characteristic "swishing" 

-30- 



I 
I 
I 
I 
R 
I. 
I 
I 
I 
1 
I 
1 
I 
I' 
I' 
I 
I 
I 
I 

-31- 

sound of Jupiter radiation. 

4. The signal Fast not tune out over a small band- 

width of about 2 0.25 mc/s. This is an important dis- 

tinctlon between Jupiter and a distant station which can 

sometimes sound very similar. 

5. The signal must not be identifiable as of ter- 

restrial origin. !Jtatic pulses, car ignition, and power 

line radiation are the most cornision forms of interference 

and all of these have characteristic sounds quite differ- 

ent from Jupiter radiation. Additional checks using the 

beat frequency oscillator and the noise-limiting circuitry 

are also possible. Use of the beat frequency oscillator 

makes station identificztion more certain and experience 

has shown that most Ju-Liter radiction can be detected with 

the noise-limiter on while the terrestrial interference 

listed above is suppressed to a large extent. 

These criteria were rigorously applied by all of the 

observers who made their assessment of each event at the 

time when it was recorded. The tine duration of the event 

is entered on a data chart from which com;mter cards are 

Frepared to produce histograms for the period of the obser- 

vations. To the best of the writer's knowledge this pro- 

ceZure is unique insofar as it does not include a study 

of the general records at some time, perhaps several months 

later, as a means of assessing the starting and finish- 

ing times of the events. It is felt th3t this approach 
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gives the most objective procedure possible with the 

equipment available. A histogram, such as that shown 

in Figure 8, is good confirmation that the activity observed 

is Jovian in origin. 

It is the opinion of the writer and his collezgues 

that all observations shou ld  be monitored no matter what 

receiving technique is used. 
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